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The northernmost commercial fisheries in the world take place in the northern Barents Sea 20 
up to around 80° N. This is an area where global warming is particularly intense and where 21 
large, previously ice-covered areas are now more accessible to fishing vessels. This raised 22 
questions whether existing conservation and management measures are adequate. In this 23 
paper, we discuss the process of developing new measures, including four large preliminary 24 
 2 
closed areas covering 442022 km2 and an additional ten closed areas covering more than 25 
3260 km2 that protects sites with biodiversity, specific to the region.  26 
The new measures, now enacted by the Government as an amendment to the old regulation 27 
related to the management of impacts from bottom fisheries on ecosystems, is based on 28 
knowledge derived from more than 10 years of scientific surveys of the seabed ecology. A 29 
key finding here is that cost-efficient, large-scale mapping and monitoring of seabed 30 
ecosystems is important for the development of area-based regulations of fishing activities. 31 
In the process of developing the regulation the Directorate of Fisheries made its own 32 
analysis of the data from the scientific surveys by a novel approach using commercially 33 
available software. The amended regulation entered into force on 1st July 2019. Such area-34 
based measures also contribute to the achievement of Aichi target 11 and UN Sustainable 35 
Development Goal 14.5 on protecting maritime areas.  36 
 37 
 38 
1. Introduction 39 
 40 
The 1,4 million km2 Barents Sea is situated on the margin to the Arctic Ocean, to the north of 41 
Norway and northwest Russia at 70-83oN. It has the world´s northernmost large-scale 42 
commercial fisheries (annual landed value 15-20 billion Norwegian kroner). It is also one of 43 
the seas most affected by global warming. Over the last 4 decades, late summer 44 
temperatures increased by almost 1.5°C (Lind and Ingvaldsen 2012), the ice cover has 45 
decreased by 10% while the Atlantic Water inflow has increased (Årthun et al. 2012). The 46 
northern Barents Sea is experiencing the strongest declines in winter sea ice concentration 47 
and the most rapid surface warming in the entire Arctic, undergoing a transition from a cold 48 
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and stratified Arctic to a warm and mixed Atlantic climate regime (Lind et al. 2018). This is 49 
likely to have repercussions for the biology in this area (Frainer et al. 2017, Aune et al. 2018), 50 
including  fish stocks expanding northwards (Fossheim et al. 2015) and a benthos system  51 
increasingly dominated by boreal species (Jørgensen et al. 2019).  52 
Global warming has implications for fisheries management because target species may shift 53 
geographically (Cheung et al. 2009). Fishing activity in new fishing areas in the northern parts 54 
of the Barents Sea around Svalbard may occur (Misund et al. 2016) due to reductions in sea 55 
ice and the poleward shift of commercially important fish species such as cod (Gadus 56 
morhua) (Kjesbu et al. 2014) and haddock (Melanogrammus aeglefinus) (Landa et al. 2014).  57 
Bottom-contact fishing gears, in particular trawl, are considered the most widespread 58 
anthropogenic source of direct disturbance to the seabed and its associated biota. Areas 59 
that are not previously fished can be more strongly affected by fishing than areas that are 60 
already fished (Sciberras et al. 2018). But bottom trawling is also an important fishing 61 
method and significant to global seafood supply. Effects of persistent bottom fishing 62 
disturbance include reduced community production, changes in trophic structure and 63 
function due to decreases in faunal biomass, numbers and diversity, changes to the body 64 
size-and age-structure of benthic populations, and a shift towards communities dominated 65 
by fauna with faster life histories (van Denderen et al. 2015; Hiddink et al. 2006). Since biota 66 
and habitats differ in their degree of exposure and sensitivity to bottom trawling, knowledge 67 
of their distribution and sensitivity is required to assess impacts from fishing and to develop 68 
options or identify priorities for conservation and management.  69 
 70 
The UN Food and Agriculture Organization FAO is the UN body responsible for developing 71 
the global norms for the management of fisheries. To protect vulnerable marine ecosystems, 72 
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the FAO has developed several international instruments, including international guidelines 73 
for the management of deep sea fisheries.1 Here, the concept of “Vulnerable Marine 74 
Ecosystems” (VMEs) is critical, addressing attributes of marine ecosystems that are critical to 75 
their structure and function. 76 
 77 
In what follows, we describe the i) scientific monitoring of the Barents Sea ecosystems 78 
established by the Institute of Marine Research, ii) its analyses of the seabed ecosystems 79 
based on this monitoring, and iii) the resulting information to the Directorate of Fisheries for 80 
management purposes. Finally, we iv) discuss the ensuing advice to the Government and the 81 
regulation adopted 29th March 2019. The regulation entered into force 1st July 2019.  82 
 83 
In doing so, this article addresses the broader topic of how fisheries management can 84 
contribute to biodiversity conservation, in addition to ensuring that fisheries are sustainable. 85 
The Convention on Biological Diversity calls on states to mainstream biodiversity in their 86 
sectoral management of activities affecting biodiversity, cfr. its Decision XIII – 3 on actions to 87 
achieve the Aichi biodiversity targets including with respect to mainstreaming and the 88 
integration of biodiversity within and across sectors.2  This article demonstrates how “other 89 
effective area-based measures” can contribute to the achievement of Aichi target 11 and 90 
SDG 14.5 by the mainstreaming of biodiversity in fisheries management in Norway´s 91 
northernmost fisheries regions. 92 
 93 
 
1 http://www.fao.org/fishery/topic/166308/en  
2 https://www.cbd.int/decisions/cop/?m=cop-13). 
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2. Norway´s fisheries management 94 
 95 
The Barents Sea and its continental shelf is divided between Norway and Russia by a 2010 96 
boundary.  Transboundary fish stocks in the Barents Sea are managed by a Joint Norway-97 
Russia Fisheries Commission established in 1975. The decisions of the Joint Fisheries 98 
Commission are based on scientific advice from the International Council for the Exploration 99 
of the Sea (ICES). In ICES, Norwegian and Russian scientists cooperate with scientists from a 100 
number of other countries on data analysis and stock assessment, based on annual surveys 101 
to collect data to this end (Kovalev and Bogstad 2011).  The final management advice is 102 
issued by the ICES Advisory Committee where members from every ICES member country 103 
serve. 104 
The decisions of the commission are implemented by domestic measures by Norway and 105 
Russia in their the respective waters,  complemented by additional measures that follow 106 
from national policies. The 2008 Living Marine Resources Act in Norway, the objective of 107 
which is to ensure a sustainable management of the living marine resources, explicitly states 108 
the need for management to lend weight to an “ecosystem-based approach that takes into 109 
consideration habitats and biological diversity” (para 7(b)).3 The measures discussed here 110 
follows from national policy in Norway. 111 
 112 
Area-based management measures have been a staple of fisheries management in Norway 113 
for several decades (Gullestad et al. 2017), and the 2008 Living Marine Resources Act 114 
explicitly mandates the establishment of such measures in fisheries management. Over the 115 
last decades there has been an increasing interest in such measures also in international 116 
 
3 https://lovdata.no/dokument/NL/lov/2008-06-06-37  
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fisheries management (FAO 2006), and in 2010 the cooperation under the Convention on 117 
Biological Diversity adopted the Aichi Targets which committed nations to protect 10% of 118 
their ocean and coastal areas,4 an objective also stated in the Sustainable Development 119 
Goals adopted by the UN General Assembly in 2015.5 The term used for sectoral area-based 120 
management measures in CBD is “other effective conservation measures, (“OECMs”) which 121 
are not fully fledged MPAs, but still offers protection of biodiversity in general in a defined 122 
geographical area. The new measures discussed here targets fishing with gear that is likely to 123 
touch the bottom during fishing such as bottom trawl, gillnets, longline and pots. Other 124 
human activities in the area that may come in physical contact with the bottom is not 125 
covered. However, currently no such activities take place except for research activities and 126 
other significant activities impacting the seabed are not likely to emerge in the near- to 127 
medium term future.6 The area covered by the measures addressed here is part of a larger 128 
ocean area covered by the Norwegian Management Plan for the Barents Sea. This plan is 129 
updated regularly by the Storting, the Norwegian Parliament.7 It is a mechanism to monitor 130 
all activities across all sectors, the state of the environment and to assess any threats to 131 
vulnerable and threatened species and habitats, and to make cross-sectoral overarching 132 
decisions related to the need for new management measures. This mechanism ensures that 133 
any new activities that may come in physical contact with the seabed will be assessed and 134 
that necessary measures will be decided on. The measures discussed here may therefore be 135 
regarded as OECMs as defined by CBD. 136 
 137 
 
4 https://www.cbd.int/sp/targets/  
5 SDG 14.5: https://www.un.org/sustainabledevelopment/oceans/  
6 Petroleum-related activities are limited to the southern Barents Sea. 
7 The latest update was in spring 2020. 
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In response to such developments and to previously adopted encouragements by the UN 138 
General Assembly for fisheries management to contribute to the conservation of 139 
biodiversity,8 Norway in 2011 adopted a regulation protecting all marine ecosystems below 140 
1000 meters from impacts by bottom fishing gear by prohibiting fishing unless certain 141 
conditions were met.9 Bottom fishing gear includes all types of gear that under normal 142 
fishing operations are likely to have impacts on the sea bed. This, in combination with other 143 
area-based measures related to fisheries management brought the seabed areas under 144 
protection from bottom fishing gear to over 50% of the total Norwegian seabed area (FKD 145 
2013).  146 
 147 
3. The Arctic Barents Sea ecosystem and the fisheries 148 
 149 
The northern Barents Sea have an Arctic climate and an ice-associated ecosystem. The 150 
southern Barents Sea has an Atlantic climate. This is mainly due to colder, fresher Arctic 151 
Waters dominating in the north throughout the year while warm saline Atlantic Water 152 
enters from the southwest (Lind et al. 2018). Atlantic Water flows northward along the 153 
west coast of the Svalbard archipelago and meets the cold Artic Water north and east of 154 
Svalbard. Benthic species in the southern Barents Sea follow this warm western current 155 
and are found far north and east of Svalbard. Species that are usually recorded deep on 156 
the continental slope or in Arctic areas are found in relatively shallow areas in the Yermak 157 
 
8 For examplethe two resolutions addressing impacts of bottom fishing in the fisheries resolutions in 2009 and 
2011. See A/Res/70/75 where this is followed up upon.  https://documents-dds-
ny.un.org/doc/UNDOC/GEN/N15/414/49/PDF/N1541449.pdf?OpenElement  
9 Forskrift 1. juli 2011 nr. 755 om regulering av fiske for å beskytte sårbare marine økosystemer. 
https://lovdata.no/dokument/SF/forskrift/2011-07-01-755   
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Plateau northwest of Svalbard and in the northern Barents Sea (Jørgensen et al. 2015, 158 
2019).    159 
 160 
Targeted species in the commercial fisheries in the Barents Sea include cod, haddock, 161 
capelin, beaked redfish, Greenland halibut, as well as shrimp and snow crab. The fisheries in 162 
the Northern Barents Sea -  more than 1.000 km from the mainland - is mostly by bottom 163 
trawl, mainly by vessels from Norway and Russia but also from Iceland, Greenland, the Faroe 164 
Islands and the EU. The fisheries are regulated by quotas and restrictions on gear (mesh size, 165 
requirements to trawl design, use of grids, etc), as well as minimum sizes of fish and area 166 
closures, including real time closures (Gullestad et al. 2015). There are also strict reporting 167 
requirements and a Coast Guard presence with at sea inspections, an important element of 168 
the enforcement of regulations.  169 
 170 
The scientific basis for the scientific advice provided by ICES is developed by the Institute of 171 
Marine Research (IMR) and Knipovich Polar Research Institute of Marine Fisheries and 172 
Oceanography, Russia (PINRO). A significant step in their cooperation was the initiation of 173 
ecosystem surveys in 2004 (Michaelsen et al. 2013), where several vessels conduct a 174 
synoptic survey campaign in late summer and early fall covering both the Norwegian and the 175 
Russian parts of the Barents Sea. The ecosystem campaigns have vastly expanded the 176 
amount and types of data that are collected on an annual basis from this ecosystem. 177 
 178 
4. Developing new measures in a warming sea 179 
 180 
 9 
4.1 The request from the ministry 181 
The northward expansion of commercial fish-stocks combined with reduction of sea ice 182 
expose areas around Svalbard to more fishing. The Ministry of Trade, Industry and Fisheries 183 
therefore asked the Directorate of Fisheries to examine the vulnerability of these areas to 184 
fishing and to recommend regulatory action,10 in cooperation with the IMR.  185 
 186 
4.2 The process of developing a new regulation 187 
 188 
4.2.1 Long term monitoring data. 189 
 190 
Responding to the request from the Ministry of Trade, Industry and Fisheries (figure 1), the 191 
Directorate of Fisheries initially asked the IMR whether different benthos species could be 192 
used as a proxy for identifying areas with vulnerable marine ecosystems. The IMR initiated a 193 
project (Jørgensen 2017), based on already existing long-term monitoring data of benthos in 194 
the Barents Sea, including the waters around Svalbard. These data were obtained from the 195 
annual joint IMR and PINRO Barents Sea Ecosystem Survey (Michalsen et al. 2013) and the 196 
SI_Arctic project11. The success of this long-term monitoring of benthos was due to adding 197 
taxonomic expertise to the already existing annual ecosystem surveys and other surveys for 198 
assessing commercial fish and shrimp stocks. The entire catch of the scientific bottom-trawls 199 
was now examined, yielding both fish and benthos data from a regular station grid annually. 200 
  201 
 Benthic megafauna catches from the scientific bottom trawl (Campelen 1800 shrimp trawl, 202 
towing distance: 0.75 nautical miles [~1.4 km] per station) was processed by identifying to 203 
the lowest possible taxon, and counting and weighing per taxa (Jørgensen et al. 2015). This 204 
 
10 Letter from the Ministry of Trade, Industry and Fisheries of 8 June 2016 to the Directorate of Fisheries. 
11 The Norwegian Research Council (project 228896) cruise program (2014-2017). 
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process has been carried out in August-September each year from 2009 and onwards. More 205 
than 4,000 stations have been sampled resulting in >70 tons of megabenthic biomass, >15 206 
mill individuals and >1000 taxa entities with 650 identified to species level. Given the 207 
amount of data available and the spatial distribution of the stations it was concluded that 208 
previous peer reviewed results (see below) and specific selected species could be used as a 209 
proxies for vulnerable marine ecosystems (see below).  210 
 211 
 212 
Figure 1. The rationale and the request from the government (upper left); the process in the 213 
Institute of Marine Research and the Directorate of Fisheries (the box); the evaluation and 214 
review of the product leading to the final governmental decision (lower right).  215 
  216 
4.2.2 Peer review science-based results 217 
 218 
Multiple locations (see also grid-map in figure 1, based on trawled stations) shallower than 219 
1000 m around Svalbard, including the Yermak plateau, have complex habitats with high 220 
species diversity (up to mean 65 species per grid cell), high biomass (up to mean 300 kg) and 221 
abundances (up to mean 50000 individuals) and are inhabited by upraised, large bodied 222 
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species, with no or low mobility, and therefore easily damaged by a bottom trawl (Jørgensen 223 
et al. 2019). This “susceptibility of benthos species to be caught or damaged by the trawlgear” 224 
is based on a given taxon’s body size (Shin et al. 2005), morphology, and mobility (Jørgensen 225 
et al. 2015, 2019). Immobile species with large and upright bodies or arms stretched out in the 226 
water to increase prey search volume, are morphological features (body shapes) easily hit, 227 
damaged and caught by or entangled in trawling gear, and have been reported at reduced 228 
densities in trawled areas (Kaiser et al. 2000). The existing biodiversity regulation from 2011 229 
– restricting bottom trawling deeper than 1000 m but not limiting it in shallower waters12 - 230 
was therefore not adequate to protect these benthic ecosystems in the Barents Sea. Here,  the 231 
presence of vulnerable marine ecosystems in a wider area was now documented. When seen 232 
together with retreating ice-cover, the expansion of commercial fish species to the north and 233 
increasing fishing activity it prompted the process to develop the management action 234 
described here. 235 
 236 
4.2.3 Developing data for regulatory action 237 
 238 
To obtain additional knowledge on presence of benthos, meetings were held with science, 239 
management and the fishing industry represented by the vessel owners´ association to discuss 240 
i) experiences with bycatch of benthic organisms such as sponges and corals (VME indicator 241 
species) and ii) the need for new regulations. From this it was concluded that the Norwegian 242 
fishing fleet try to avoid large benthos catches as it is detrimental to fishing. They do this by 243 
using their historical knowledge of where the “good fishing areas” are. Also, it was clarified  244 
that some vessels were planning to move north- and eastwards to potential new fishing areas 245 
to follow the northwards expansion of the commercial fish species. 246 
 
12 There are however a number of other regulations in Norwegian fisheries limiting where trawl gear can be 
used, for example in the 12 nautical mile territorial waters. 
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 247 
A “move on rule” regulation was adopted in 2011 by the Government[1] for ijnstances where 248 
VMEs indicator species are taken in excess of threshold values. The regulation applied to all 249 
waters under Norwegian jurisdiction, including the Fisheries Protection Zone around Svalbard 250 
and the Fisheries Zone around Jan Mayen. But the regulation did not make a 251 
distinction between fished and previously non-fished areas. Previously unfished areas in the 252 
Barents Sea were therefore open to commercial fishing when the sea ice retreated. This is not 253 
in line with common international standards in fisheries management. Regional fisheries 254 
management organizations (RFMOs) such as the Northeast Atlantic Fisheries Commission 255 
have divided waters under their regulatory mandates into new and existing fishing areas 256 
respectively.  Regular commercial fishing is not allowed in new fishing areas. 257 
 258 
To be in line with common international standards in fisheries management, areas with 259 
existing fishing and without fishing in the last 10 years (trawled and untrawled areas in Figure 260 
1) were identified for the northern Barents Sea. Focus were on untrawled areas with fauna 261 
susceptible to bottom trawling.  262 
For this purpose, Vessel Monitoring Systems (VMS) data were used. Fishing vessels are 263 
required to transmit their position by satellite every hour, including information on ship call 264 
sign, date, time, GPS position, heading, and speed. Vessel speed was used as a proxy for 265 
trawling, and the VMS data was combined with fish catch data from the electronic logbook. 266 
This allowed for ascertaining whether fishing activity was bottom or pelagic.  267 
All activities of the Norwegian fishing vessels and all foreign ones, except those flying the 268 
flag of Russia, are tracked. The VMS data cover all gear types, bottom trawl, gillnet, longline 269 
and pots. The new fishing areas were delineated using the geographical distribution of VMS 270 
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activity as a basis, and then combining it with depths, the territorial waters, base lines and the 271 
boundaries toward other jurisdictions. 272 
 273 
The scientific identification of fauna susceptible to trawl gear (Jørgensen et al 2019) was used 274 
as the main argument for applying a precautionary approach to areas without previous fishing, 275 
particularly trawling. This resulted in the 10 closed areas in the northern Barents Sea. Another 276 
approach was used to identify vulnerable species within the trawled areas. For the purpose of 277 
protection of benthos within the trawled areas, the Directorate of Fisheries adapted the VME 278 
indicator species approach (e.g. sponges and sea pens) as defined by the FAO Deep-sea 279 
Fisheries Guidelines.  280 
 The characteristics of the species susceptible to be caught or damaged by a trawl are shared 281 
also by the species regularly used as a proxy for the presence of vulnerable marine 282 
ecosystems such as hard and soft corals, sponges and seapens.13  There is thus no deviation 283 
from the basic approach used internationally in Norway except for the introduction of one 284 
additional species, sea lilies. The main new element here is the type of data used to map their 285 
presence, the presentation of the data, station by station and the approach taken when the data 286 
is presented as a rationale for the proposed regulation to the government.  287 
 288 
The quantity (biomass per species group, per trawl haul calculated as catch per 15 minute 289 
trawling to make it possible to compare densities across all stations) and distribution data 290 
(positions for shooting and hauling of each scientific trawl haul) of the VMEs within sponges 291 
(e.g. Geodia sp), sea pens (e.g. Umbellula encrinus), cauliflower corals (Nephtheidae), and 292 
the sea lilies (e.g. Heliometra glacialis) were taken from the existing scientific long term 293 
 
13 See FAO and various international organizations regulating fisheries, such as the Northeast Atlantic Fisheries 
Commission, NEAFC. 
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monitoring series and geo-referred as quantitative “trawl-lines” by the use of ArcGis. FAO 294 
includes stalked sea lilies as a VME indicator species. The sea-lilies around Svalbard was 295 
unstalked, but they were still included as a VME indicator species in this study.  296 
 297 
The Directorate of Fisheries plotted the VME indicator species data from ~4000 trawl hauls 298 
on a map by ArcGIS (ArcMap 10.6.1). To compare the biomass of VMEs across all stations, 299 
the quantitative data for each species (e.g. Umbellula encrinus) or group (e.g. sponges), were 300 
sorted into four quantitative categories  by the logarithmic function built into ArcMap (e.g. 0-301 
9 kg, 10-99 kg, 100-999 kg, 1000-9999 kg). The ArcGis program was set to define the 302 
thresholds for each species or group automatically. The result was lines on the map between 303 
the position were the trawl reached the bottom and the position where it was lifted. These 304 
lines were graded in four colors. The darker the color the higher the biomass of the species or 305 
group selected.  306 
 307 
The map is available online https://kart.fiskeridir.no/fiskeinord and interactive, and the viewer 308 
can alternate between maps showing the distribution of single species or groups as well as 309 
showing all species and groups together. The latter function made it possible to identify 310 
whether any areas had higher densities of vulnerable species combined with high biomass. 311 
Areas with vulnerable species and groups were mainly in areas already designated as new 312 
fishing areas, but vulnerable species were also recorded in already trawled areas and therefore 313 
in the need of protection. 314 
 315 
The delineation decisions, the process of drafting the final regulatory proposal for the 316 
Government, and the final execution of the regulation, were done by the Directorate of 317 
Fisheries. This novel way of using and visualizing scientific data was designed to fit the 318 
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management purpose at hand. This included making information easily accessible at a 319 
relevant geographical scale. For the purpose of drawing up boundaries for closed areas, the 320 
Directorate of Fisheries used raw data at the most detailed level (hence per trawl haul). Raw 321 
data per trawl-haul were used because data aggregated into e.g. grids prevent detailed drawing 322 
of lines and may fail to follow boundaries already set by regulations. The usual way of 323 
presenting information in grids was not useful for the purpose here, in particular since grids 324 
are to coarse for drawing up boundaries for closed areas. Neither to they follow the 325 
boundaries between jurisdictional areas, such as the territorial waters. Since such boundaries 326 
are fixed by regulations they often make sense for other management purposes as well and did 327 
so here.  328 
Presence of Geodia sponges (up to 730 kg/nm west of Svalbard) and the sea pen Umbellula 329 
encrinus (up to 0.013 kg/nm east of Svalbard) were the justification for the protected red areas 330 
3 and 5 respectively (figure 2). Sponges (up to 87 kg/nm) and cauliflower corals (0.7 kg/nm) 331 
were suggested as justification for the protected area north of the Hinlopen Strait (the 332 
protected red areas 1 and 2 in figure 2), while a combination of high biomass of sponges (26 – 333 
40 kg/nm), cauliflower corals (up to 1.3 kg/nm), and sea lilies (5-13 kg/nm) suggested the 3 334 
protected areas (the red areas 4, 7, 8 in figure 2) north of Kong Karls Land and southeast of 335 
Svalbard. Additional data of sea pens (Funiculina quadrangularis) from the Norwegian 336 
seabed mapping programme (MAREANO14) brought red area 6, south of Kong Karls Land. 337 
Red area 9 and 10 were established to protect the seabed in areas used as reference areas for 338 
scientific purposes. All these areas are relatively unfished compared to their surrounding 339 
areas, indicating a more pristine condition than other areas containing the same VME 340 
indicator species. These areas may be described as representative of the respective types of 341 
nature. To protect a representative selection of nature types - both terrestrial and marine - is a 342 
 
14 www.mareano.no  
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key element of Norwegian environmental policy. The protection of these areas serves to 343 
implement this policy. 344 
 345 
4.3 The proposed regulation 346 
 347 
Based on the above data, the Directorate of Fisheries concluded that the 2011 regulation 348 
prohibiting bottom trawling below 1000 m depth did not offer the needed protection of 349 
vulnerable marine ecosystems in the assessed area. An amended regulation was therefore 350 
drafted. 351 
 352 
4.3.1 The concept of “New fishing areas” 353 
 354 
The new, amended regulation (see green area 1, Figure 2) for the Northern Barents Sea should 355 
ban bottom trawling below 800 m depth and the delineation line should follow this depth line 356 
for new fishing areas. The outer line of the delineation (above waters deeper than 800 m) 357 
follows the Norwegian Fishery Protection Zone around Svalbard in the north and east towards 358 
the central Arctic Ocean and in the west towards the Greenland Sea. The Yermak Plateau, 359 
north-west of Svalbard, is shallower than 800 meters and was delineated by coordinates 360 
instead of the depth-gradient (green areas in Figure 2). These large areas was thus closed and 361 
preliminary protecting the high species diversity, the species susceptible toward trawling the 362 




Figure 2. The  Fisheries Protection Zone around Svalbard with the closed  areas within 366 
existing fishing areas (red areas 1-10 covering 3260 km2) and new fishing areas (green areas 367 
1-4 covering 442022 km2) areas. The black lines are the boundaries  between different 368 
jurisdictions. The water column above the seabed in the Banana- and the Loop holes beyond 369 
national jurisdiction are international waters. The map is adapted from the map created by the 370 
Directorate of Fishery and available on: https://kart.fiskeridir.no/fiskeinrd. 371 
 372 
In addition to the 800 m delineation area in the north and in the east, three other “new fishing 373 
areas” were suggested closed. These new areas included (see figure 2) one area surrounding 374 
the Nordaustlandet and the east coast of Svalbard (green area 2), another area is north of 375 
Svalbard (green area 3), and the third is around Kong Karls Land (green area 4). The 376 
territorial waters of areas 2 and 3 were previously designated as Marine Protected Areas 377 
(MPAs) under environmental legislation. The MPA regulations allowed bottom trawling for 378 
shrimp deeper than 100 meters and fishing with other types of gear. The new regulations goes 379 
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further as it prohibits all fishing. Areas outside 12 nautical miles were not previously trawled 380 
and therefore delineated by coordinates, interconnected with strait lines. 381 
The narrow shelf west of Svalbard has been closed to fishing by another fisheries regulation  382 
since the early eighties. This regulation is still in force15. This area is therefore not covered by 383 
the new regulation discussed here, except for the small red area 5 (figure 2). 384 
 385 
The green areas 1, 2 and 3 cover a total of 442022 km2, preliminarily closed to all fishing. 386 
This area is almost as large as the North Sea (570000 km2). If these areas are to be re-opened 387 
for fishing, a comprehensive mapping of the sea-bed biota will be required to identify 388 
vulnerable marine habitats (VMEs). 389 
 390 
4.3.2 Existing fishing areas 391 
 392 
For the existing fishing areas around Svalbard, a total of 10 protected areas, covering 393 
altogether 3260 km2, were proposed. These areas were delineated as squares around the 394 
highest biomass records of VMEs (protected area 4, 5, 6, 7), as a triangle (protected area 3) or 395 
by following the seabed morphology and the fishing activity as identified by the VMS data 396 
and data from the electronic logbooks (protected area 1 and 2). These different shapes were 397 
first and foremost used because they are simple and easy to plot in navigational maps while at 398 
the same time serving offering effective protection, including areas functioning as a buffer 399 
zone contributing to biodiversity conservation. These protected areas, with biodiversity 400 
specific to the region, are also representative for a selection of Norwegian nature types.  401 
 
15 For the territorial waters as well as the waters beyond in the Fisheries Protection Zone §24 of a regulation 
pertaining to mesh size, bycatch, mimum sizes, etc was established several decades ago. See 
https://lovdata.no/dokument/SF/forskrift/1994-09-21-882?q=svalbards territorial and 
https://lovdata.no/dokument/SF/forskrift/1994-09-21-881?q=fiskevernsonen  
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The use of the terms “closed” and “protected” areas as described above, allows the managers 402 
flexibility in delineating area-based management measures within a complex seascape of new 403 
and already existing fishing areas.  404 
 405 
Maps showing the locations of scientific trawl data, commercial trawling activity, the 406 
preliminary closed areas and the protected areas were made available on the webpages of 407 
the Directorate of Fisheries (https://kart.fiskeridir.no/fiskeinord) and the draft proposal 408 
developed by the Directorate16 was subject to a public consultation in 2017-2018, seeking 409 
stakeholder input from other government agencies, industry organizations, non-410 
governmental organizations (NGOs), the public and academic institutions.  411 
 412 
4.4 The decision for new area-based measures in the northern Barents Sea and the 413 
waters north of Svalbard (Yermak plateau)  414 
 415 
The final regulation was adopted by the Ministry of Trade, Industry and Fisheries the 29th of 416 
March 2019, as a regulation amending the 2011 regulation, which again has its legal basis in 417 
the 2008 Living Marine Resources Act.17  418 
 419 
The title of the regulation is “Regulation of fishing to protect Vulnerable Marine Ecosystems” 420 
and its objective is “to protect vulnerable marine ecosystems” (section 1). The regulation 421 
defines and delineates the “new fishing areas” and the “existing fishing areas” with 10 422 
protected areas, specifies the move-on rule if VMEs indicator species are taken in excess of 423 





17 https://lovdata.no/dokument/LTI/forskrift/2019-03-29-416  
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respect of the new fishing areas the regulations specify to terms and conditons that apply if 425 
a vessel owner applies for a permit to do exploratory fishing, (section 4). The new regulation 426 
applies to all fishing vessels operating in the area covered irrespective of which country´s 427 
flag they fly. It applies to all types of fishing gear. Vulnerable marine ecosystems on the 428 
seabed is however the main focus and it is thus reasonable to assume that an application for 429 
permission for exploratory fishing with gear solely operating in the water column may be 430 
granted. In Norwegian fisheries the only gear in such cases would be purse seine. All other 431 
gear requires some kind of bottom contact or poses a risk for such contact during fishing. 432 
 433 
There are also requirements for collection of new data during exploratory fishing. For 434 
opening a portion of a new fishing area, a permit is required in order to start exploratory 435 
fishing. The new regulation will require that data from exploratory fishing, relevant seabed 436 
mapping such as MAREANO, and future ecosystem surveys are assessed. The intent is to 437 
ensure that potential effects on vulnerable bottom habitats are assessed in advance of any 438 
commercial fishing activities. Since the original regulation was adopted in 2011, no 439 
applications have been received by the Directorate of Fisheries for permits for exploratory 440 




5. Discussion and conclusion 445 
 446 
Global warming has triggered rapid and extensive sea ice loss in the Barents Sea (Lind et al. 447 
2018; Onarheim et al. 2018). Together with poleward expansion of commercially important 448 
 21 
fish species (Kjesbu et al. 2014, Landa et al. 2014) there are concern that new fishing activity 449 
in new ice free parts of the northern Barents Sea around Svalbard can have an impact on 450 
marine ecosystems (Misund et al. 2016).  451 
 452 
Facing this situation and committed to act on internationally agreed fisheries management 453 
measures, the Norwegian Ministry of Trade, Industry and Fisheries contacted the Directorate 454 
of Fisheries and the Institute of Marine Research (IMR) to recommend regulatory action to 455 
protect potentially vulnerable areas to fishing.  456 
 457 
The Directorate of Fisheries and the IMR  were able to respond quickly the request due to an 458 
already existing time long-term monitoring program resulting in a decade of benthos data 459 
from the Barents Sea. On the basis of these benthos data, Jørgensen et al (2019) identified 460 
multiple locations shallower than 1000 m in the Northern Barents Sea with complex habitats 461 
of sessile, upraised, large bodied species easily damaged by a bottom trawl. The data were 462 
then used for identifying the quantitative distribution of species indicating the presence of 463 
vulnerable marine ecosystems (VMEs). 464 
This information was combined by data from national and international Vessel Monitoring 465 
Systems (VMS) and electronic logbooks, allowing for delineation of areas with and without 466 
fishing. Such data are generally used to track the activities of national and international 467 
fishing vessels fishing in the area irrespective of the gear they use. Even though all fishing has 468 
been included, it goes without saying that bottom trawling received the greatest attention 469 
since it has a greater potential than other fishing gears in affecting the bottom habitats. 470 
 471 
These spatially delineated areas of protection within new and existing fishing areas in the 472 
Barents Sea fall within the Convention of Biological Diversity (CBD) Aichi Biodiversity Target 473 
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11 and the UN Sustainable Development Goal 14.5. These targets call for sustainable use of 474 
the oceans, and a conservation strategy of well-connected systems with protected areas and 475 
“Other Effective area-based Conservation Measures (OECMs)”, integrated into wider 476 
seascapes. The approach discussed here was intended to achieve positive and sustained 477 
long-term outcomes for conservation of biodiversity, and particularly seabed invertebrate 478 
diversity and associated ecosystem functions and services18. The area-based management 479 
measures described here offers long term in-situ protection to vulnerable marine 480 
ecosystems in areas where fishing is the only significant human activity. No other human 481 
activity is foreseeable future. The measures should therefore be regarded as an OECM. The 482 
development of the regulation and its adoption is therefore also a contribution to achieving 483 
the Aichi target 11 and SDG targets of 10% coverage of marine protected areas and other 484 
effective area-based management measures.  485 
 486 
The 2019 regulation by the Ministry of Industry, Trade and Fisheries, limits the potential 487 
damage to vulnerable benthic species by bottom fishing activities in new and existing fishing 488 
areas. Also, from the point of view of the economic efficiency of fishing, the regulation also 489 
prevents trawl gear from being filled with unwanted by-catch. Together with the quota 490 
system, technical requirements to fishing gear, and temporal area closures due to presence 491 
of juvenile fish below minimum sizes, the regulation constitute the basis for sustainable 492 
harvest in Norway´s Fishery protective zone around Svalbard.  493 
 494 
The benthos and VMS data were entered into a ArcGIS program where maps was developed. 495 




Because the cooperation between the Directorate of Fisheries, the IMR and the Government 497 
traditionally has been close, the communication lines are short and therefore efficient. This 498 
discussion was welcomed among the fishing organizations because monitoring of benthic 499 
habitats and resources may have direct economic consequences.  For example, the non-500 
governmental organization “the Marine Stewardship Council” (MSC) has launched the MSC 501 
eco-label which is intended to be the consumers’ guarantee that a fish or seafood product 502 
meets certain fisheries standards of sustainability. For bottom fisheries, documentation and 503 
mitigation of the potential impact on seafloor habitat and its associated biological 504 
communities are essential for achieving MSC certification (www.MSC.org). Fishing activity 505 
must be managed carefully so that other species and habitats within the ecosystem remain 506 
sustainable. Lack of relevant data, or, lack of data presented in such way that is usable for the 507 
evaluation process, is preventing certification. 508 
 509 
Based on this research, the suggested regulatory changes from the Directorate of Fisheries 510 
to close a total of 442022 km2 was adopted 29th March 2019 by the Ministry of Industry, 511 
Trade and Fisheries, and entered into force on 1st July 2019. In order to obtain a permit for 512 
exploratory fishing within a closed area, a plan for avoiding VMEs and for collect data, is 513 
needed. Regular commercial fishing may not commence as long as the status of the area 514 
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